The virulence plasmid of Salmonella enterica (pSLT) is an F-like conjugative plasmid. High 3 rates pf pSLT transfer occur in the mammalian gut, a microaerobic environment. In this study, 4
The F-like plasmid family includes a large number of conjugative plasmids whose most 3 conspicuous member is the F sex factor (WILLETTS and SKURRAY 1980) . Plasmids harboring 4 an F-like conjugation system fall into several incompatibility groups and determine a wide 5 range of phenotypes including antibiotic resistance, colicin production, and synthesis of 6 virulence factors such as enterotoxins and hemolysin (WILLETTS and SKURRAY 1980) . Six 7 decades of research on F-mediated conjugation have provided an exquisite picture of the 8 mating process and a detailed knowledge of many of the gene products involved (FIRTH et al. controlled by the FinOP system of fertility inhibition (FIRTH et al. 1996; FROST et al. 1994) . 27 Regulatory feedback loops involving the TraM, TraJ, and TraY plasmid products also 28 contribute to autogenous control of tra operon expression (PENFOLD et al. 1996 ; POLZLEITNERThe circuitry that governs mating involves also host-encoded functions, and the known 1 controls involve both transcriptional and postranscriptional regulation. transfer to favorable circumstances can be postulated as tentative explanations for these 18 differences, and for others that may exist. 19 
20
The identification of host-encoded regulators of plasmid transfer is amenable to 21 classical genetics, as initially shown for the F sex factor (SILVERMAN et al. 1980 ; SILVERMAN 22 et al. 1991) and later for pSLT (CAMACHO and CASADESUS 2002; CAMACHO et al. 2005b; 23 TORREBLANCA and CASADESUS 1996) . Based on these antecedents, below we describe genetic 24 trials for host-encoded activators and host-encoded repressors of the pSLT tra operon. All 25 screens involved visual scrutiny, distinguishing between Lac + and Lac -colonies. The general 26 layout of the screens was that mutations that decreased tra operon expression would identify 27 activators, and mutations that increased tra expression would identify repressors. The trials 28 were expected to reveal mutations that altered tra operon expression in aerobiosis and also in 29 microaerobiosis, because the centers of Salmonella colonies become microaerobic duringcomponent system that regulates gene expression in response to the availability of oxygen 1 (LYNCH and LIN 1996) , is a key factor for the activation of pSLT transfer under 2 microaerobiosis. Aerobic transfer of pSLT is also regulated by ArcA but an ArcB-3 independent manner, as previously described in F (BEUTIN and ACHTMAN 1979; BUXTON and 4 DRURY 1984) . We also show that the ArcAB system plays a second role in the activation of 5 pSLT transfer under microaerobiosis: repression of the sdhCDAB operon, which encodes 6 succinate dehydrogenase. SdhABCD turns out to be an inhibitor of conjugation, and represses 7 traJ expression, probably in an indirect manner. Salmonella enterica used in this study (Table 1) substituted for aniline blue. X-gal (5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside) was 21 also from Sigma-Aldrich. Antibiotics were used at the final concentrations described 22 elsewhere ( GARZóN et al. 1996) . YT liquid medium, used for production of recombinant 23 GST-ArcA protein, contained tryptone (16 g/l), yeast extract (10 g/l), glucose (5 g/l), and 24 ampicillin. Microaerobic conditions for culture on solid media were created using GasPak 25 incubation jars (Becton Dickinson Biosciences, San Agustín de Guadalix, Spain). For liquid 26 cultures, microaerobiosis was achieved by incubation without shaking. Neither GasPak jars 27 nor static incubation produce strict anaerobiosis; for this reason, the term "microaerobiosis" is 28 
17
Tn10dCm mutagenesis. The pSLT-cured strain SV3081 was mutagenized with Tn10dCm as 18 previously described (TORREBLANCA and CASADESUS 1996) . Pools of 5,000 colonies, each 19 carrying an independent Tn10dCm insert, were then prepared, and lysed with phage P22 HT. 20
The lysates were used to transduce either SV3003 or SV3069, selecting chloramphenicol-21 resistant transductants on LB plates supplemented with X-gal. Candidates were made phage-22 free and re-constructed by P22 HT transduction (TORREBLANCA and CASADESUS 1996) . 75 mM NaCl, 5 mM MgCl 2 , 1 mM dithiotreithol, 12.5% glycerol, 0.1 mg/ml bovine serum 24 albumin, and 25 μg/ml poly[dI-dC]. For a specific competitor, the same DNA fragment that 25 was used as probe (unlabeled) was added in excess. Binding was allowed to proceed for 20 26 min at room temperature. Five μl of loading buffer were then added. Samples were subjected 27 to electrophoretic separation in a non-denaturing 5% polyacrylamide gel prepared in 1 x TBE. 28
Electrophoresis was carried out at 200 V for 2-3 h. After drying, gels were analyzed with aQuantitative reverse transcriptase PCR (RT-PCR) and calculation of relative expression 1 levels. Salmonella RNA was extracted from stationary phase cultures using the SV total RNA 2 isolation system (Promega Corporation, Madison, WI). The quantity and quality of the 3 extracted RNA were determined using a ND-1000 spectrophotometer (NanoDrop 4
Technologies, Wilmington, DE). To diminish genomic DNA contamination, the preparation 5 was treated with DNase I (Turbo DNA free, Applied Biosystems/Ambion, Austin, TX) as 6 previously described (BEUZON et al. 1999 ). An aliquot of 0.5 µg of DNase I-treated RNA was 7 used for cDNA synthesis using the High-Capacity cDNA Archive Kit (Applied Biosystems, 8
Foster City, CA). Real-time PCR reactions were performed in an Applied Biosystems 7500 9
Fast Real-time PCR System. Each reaction was carried out in a total volume of 15 µl on a 96-10 well optical reaction plate (Applied Biosystems) containing 7.5 µl Power SYBR Green PCR 11
Master Mix (Applied Biosystems), 6.9 µl cDNA (1/10 dilution), and two gene-specific 12
primers at a final concentration of 0.2 µM each. Real-time cycling conditions were as follows: the Tn10dCm element and the chromosomal locus containing the mutation that affected tra 7 expression. conditions. When tra expression was derepressed by dam and finO mutations, alone or 9 combined, the arcA mutation was epistatic over both dam and finO (Figure 1 ). These 10 observations provided evidence that ArcA is a tra activator. 11
12
(ii) Lack of ArcB had little or no effect in aerobiosis but caused a significant reduction of tra 13 operon expression in microaerobiosis (Figure 1 The results were clear-cut: in aerobiosis, an arcA mutation caused a 3 fold decrease in traY 19 mRNA content, while an arcB mutation had little or no effect (Figure 3 the ArcAB system may activate the pSLT p traY promoter in response to low oxygen 28 concentration, thus explaining the high rates of pSLT transfer detected in microaerobiosis Matings were carried out in both aerobiosis and microaerobiosis, and their results are 23 summarized in Figure 6 . In aerobiosis, lack of SdhA increased pSLT transfer more than one 24 order of magnitude both from FinO + and FinO -donors. In microaerobiosis, lack of SdhA had 25 a much smaller effect, with differences near the limit of significance ( Figure 6 ). We thus 26 concluded that succinate dehydrogenase is a repressor of pSLT transfer, mainly (perhaps 27 only) in aerobiosis. 28 
